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BACKGROUND OF THE INVENTION 
5 The present invention relates to a display 

device capable of preventing its image retention. 

As an image display device for displaying 
images by making use of the light emission of the 
phosphor, there is the conventional TV receiver using 

10 the cathode ray tube (CRT) . In addition to this, there 
is also a thin flat-type image display device which has 
been available in recent years, that is,, the plasma 
display panel display device (abbreviated to PDP 
display device, hereinafter) using the plasma display 

15 panel (abbreviated to PDP, hereinafter) , which utilizes 
the light emission of the phosphor excited by the 
ultra-violet ray in each of the discharge cells, the 
light emission inducted by the electric discharge of 
inert gases such as Ne (Neon) and Xe (Xenon) , with 

20 setting each of the discharge cells arranged in the 
matrix manner as the unit region. The PDP display 
device is suitable for a large-sized displaying, and 
its market has been expanding. Note that the panel 
structure, the electric discharge mechanism, and the 

25 display method of the AC-type PDP are disclosed in, for 
example, JP-A-10-319901 corresponding to U.S. Patent 
No. 6,020,687. 

Furthermore, as the thin flat-type image 



display device utilizing the light emission of the 
excited phosphor, there is also the FED (Field Emission 
Display) , which utilizes the light emission of the 
excited phosphor induced by irradiating the electron 
5 beam to the phosphor from the electron source in which 
a large number of electron emitting elements are 
arranged in a matrix manner (two dimensionally) . 

Meanwhile, not only the PDP display device 
but also all image display devices utilizing the light 

10 emission of the phosphor has the problem as follows. 
That is, if the static image with high luminance level 
is displayed for a long time, the phosphor is degraded, 
and as a result, the difference in luminance is caused 
between that part and the other part, that is, a so- 

15 called image retention occurs. 

For the prevention of the image retention, 
there is the method as described in JP-A-5-344371 , in 
which, when the displayed image remains unchanged for a 
predetermined amount of time or more, the image is 

20 regarded as a static image, and the luminance level of 
the entire screen is lowered. In addition, as 
described in JP-A-2000-227775 , there is also the method 
that when a static image is displayed on the screen for 
a predetermined amount of time or more, the entire 

25 screen is moved by several dots to an almost . 
imperceptible extent. 

Furthermore, in the case where both the 
moving image and the static image are present on the 



image, there is the method as described in JP-A-2002- 
351442, in which the static image part is distinguished 
from the entire screen, and when the static image part 
remains unchanged for a predetermined amount of time or 
5 more, the luminance level only in the static image part 
is lowered. 

SUMMARY OF THE INVENTION 

The use of the recent PDP display device has 
been widespread from the business scene to the 

10 household television, and the high-quality image with 
higher luminance has been demanded in the market. 
However, the light-emitting efficiency of the PDP 
display device is not so high as that of the CRT. 
Therefore, the number of discharge pulses is increased 

15 to increase the peak luminance, and thereby achieving 
the high luminance. For this reason, image retention 
occurs more frequently in the PDP display device than 
in the CRT. Moreover, when comparing the FED with the 
CRT, the acceleration voltage is 10 KV or smaller and 

20 the current density is large in the FED, and thus, the 
phosphor is degraded more quickly. Therefore, similar 
to the PDP display device, the image retention 
frequently occurs in the FED. 

In this kind of circumstances, when both the 

25 moving images and the static images are present in a 
displayed image and the static images are unevenly 
distributed on the display screen, that is, the static 



images are located at specific regions such as the 
positions around the four corners of the screen, since 
whether the displayed image is a moving image or a 
static image is determined in view of the entire image 
5 in the methods described in JP-A-5-344371 and in JP-A- 
2000-227775, the displayed image is determined to be 
the moving image. As a result, the image retention 
occurs in the parts of the static images. 

Furthermore, the method described in JP-A- 

10 2002-351442 is adapted for the image in which both the 
moving images and the static images are present. 
However, it is difficult to determine that the parts 
around the border between the moving images and the 
static images are the static images due to the 

15 influences from the noises and the like. As a result, 
the image retention occurs only in the parts around the 
border . 

In consideration of the problems mentioned 
above, an object of the present invention is to provide 

20 an image display device capable of preventing the image 
retention without degrading the quality of the images. 

For the solution of the problems mentioned 
above, when an image containing static images in the 
specific regions is inputted, the luminance level in 

25- the specific regions is adjusted and then the images in 
those regions are displayed. In this manner, the image 
retention in the specific regions is prevented. In 
addition, the amount of changes in luminance level at 
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this time is controlled so that it gets larger toward 
the four corners of the screen. 



BRIEF DESCRIPTION OF THE DRAWINGS 

These and other features, objects and 
5 advantages of the present invention will become more 
apparent from the following description when taken in 
conjunction with the accompanying drawings wherein: 

FIG. 1 is a block diagram of an image display 
device according to an embodiment of the present 
10 invention; 

FIG. 2 is a diagram illustrating an example 
of the image signal data containing the static images, 
which are mixed in the moving image transmitted from 
the TV station and are unevenly distributed in the 
15 specific regions around the four corners of the display 
screen; 

FIGs. 3A and 3B are schematic diagrams for 
explaining the luminance weighting factor a which is 
the luminance correction data stored in advance in the 
20 data memory; 

FIG. 4 is a schematic diagram showing another 
embodiment of the luminance weighting factor a which is 
the luminance correction data stored in the data 
memory; and 

25 FIGs. 5A and 5B are schematic diagrams for 

explaining the luminance weighting factor a which is 
the luminance correction data stored in advance in the 
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data memory. 

DESCRIPTION OF THE EMBODIMENTS 

While we have shown and described several 
embodiments in accordance with our invention, it should 
5 be understood that disclosed embodiments are 

susceptible of changes and modifications without 
departing from the scope of the invention. Therefor, 
we do not intend to be bound by the details shown and 
described herein but intend to cover all such changes 

10 and modifications a fall within the amabit of the 
appended claims . 

In the following, some embodiments of the 
present invention will be described with reference to 
the accompanying drawings. FIG. 1 is a diagram showing 

15 a block configuration of an image display device in the 
first embodiment of the present invention. 

FIG. 2 is a diagram illustrating an example 
of the image signal data containing the static images, 
which are mixed in the moving image transmitted from 

20 the TV station and are unevenly distributed in the 

specific regions around the four corners of the display 
screen. Almost all of the images transmitted from the 
TV station are the moving images or the moving images 
in which the static images are present. 

25 The static images in FIG. 2 includes, for 

example, the time clock 201, the logo of the 
broadcasting station 202, and other information 



displays 203 and 204 such as the index of the TV 
program (hereinafter, these are generally referred to 
as telop for the salce of oonvenienoe) . In many oases, 
these statio images remain displayed for a long time. 
Furthermore, the investigation by the inventors of the 
present invention has revealed that these statio images 
are frequently displayed in the specific regions R201, 
R202, R203, and R204 around the four corners of the 
display screen not around the center of the display 
3 screen as shown in FIG. 2. 

in FIG. 1, the reference numeral 101 denotes 
a data memory in which the luminance correction data 
(described later) and the like are stored, the 
reference numeral 102 denotes an elapsed time counter 
15 for counting the elapsed time, the reference numeral 
103 denotes a system control unit (abbreviated to CPU, 
hereinafter, such as the microcomputer for controlling 
the entire system of the image display device, and the 
reference numeral 104 denotes a delay circuit composed 
20 of a memory and the like and functioning to delay the 
digital image signal data SI, which is the inputted 
luminance signal, by one field (or by one frame) . The 
reference numeral 105 denotes a static image detection 
circuit, in which the image level of the digital image 
25 signal data SI and that of the inputted digrtal image 
signal data S2 delayed by one field (or by one frame) 
in the delay circuit 104 are compared, the presence of 
the static image is detected in each field (or each 



frame), and then, the detection result is outputted to 
the CPU 103, and the reference numeral 106 denotes an 
image processing circuit in which the luminance level 
of the inputted digital image signal SI is adjusted by 
5 using the luminance correction data a which is 
outputted from the CPU 103 and stored in the data 

memory 101. 

The CPU 103 can determine the specific 
regions R201, R202, P.203, and R204 set in advance 
10 around the four corners of the display screen like 

those shown as the telops including the time clock 201, 
the logo 202, and the information displays 203 and 204 
in FIG. 2 based on the inputted horizontal 
synchronization signal H, the vertical synchronization 
15 signal V, and the clock signal CLK by the use of the 
technique described in JP-A-2000-227775 . More 
specifically, the CPU 103 specifies the area in the 
horizontal direction by counting the clock signal CLK 
from the start of the horizontal synchronization signal 
20 H and also specifies the area in the vertical direction 
by counting the horizontal synchronization signal H on 
the basis of the start of the vertical synchronization 
signal V, thereby determining the specific regions. 
Then, the CPU 103 outputs the ACTIVE signal to the 
25 static image detection circuit 105, by which the static 
image detection operation in the specific regions by 
the static image detection circuit 105 is made active. 
Next, the operation in FIG. 1 will be 



described. The inputted digital image signal data SI 
is inputted to the static image detection circuit 105 
and also to the delay circuit 104, and in the delay 
circuit 104, the digital image signal data SI is 
5 delayed by one field (or by one frame) and is inputted 
to the static image detection circuit 105 as the 
delayed digital image signal data S2. 

in the static image detection circuit 105, 
the luminance level of the image signal data SI and 
10 that of the delayed image signal data S2 are compared 
to detect the static image, and the detection result is 
outputted to the CPU 103. 

The regions in which the static images are tc 
be detected are the predetermined specific regions 
15 (R201 to R204) around the four corners of the display 
screen, and the CPU 103 can determine the range of the 
specific regions (R201 to R204) around the four corners 
of the display screen by the use cf the horizontal 
synchronization signal H, the vertical synchronization 
20 signal V, and the clock signal CLK in the manner 
m entioned above. In addition to the horizontal 
synchronization signal H, the vertical synchronization 
signal V, and the clock signal CLK, the CPU 103 outputs 
the ACTIVE signal to the static image detection circuit 
25 105, by which the static image detection operation in 
the specific regions is made active. 

In these specific regions, the pixels 
remaining unchanged are judged to be the pixels of the 
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static image, and thus, the static images can be 
detected. The digital image signal data to be compared 
at this time is limited to only the part of either of 
the digital image signal data SI and S2 (e.g., the 
5 digital image signal data 32, having the luminance 
level higher than the predetermined level. By so 
doing, it is possible to surely detect the static 
pixels with high luminance level to be the cause of 
ima ge retention regardless of the influence from the 
XO noise and the like. When the digital image signal xs 
composed of, for example, the 8 bit gradation, the 
predetermined level can be easily obtained by using the 
U pper 4 bits. When the detection result that the 
static image is detected in the above-mentioned four 
15 specific regions is inputted from the static image 

detection circuit 105, the CPU 103 starts the counting 
in the elapsed time counter 102 and continues the 
counting until the static image detection signal is 
stopped. The CPU 103 monitors the value of the elapsed 
20 time counter 102, and when the value reaches the 

redetermined value, more specifically, when the static 
image remains for a predetermined period of time or 
mo re, the CPU 103 outputs the luminance correction data 
stored in the data memory 101 to the image processing 
25 circuit 106 in which the luminance level is adjusted, 
and then lowers the luminance level of the pixels 
within the specific regions around the comers, in 
which it is determined that the static image remaxns 



for a predetermined period of time or more. 

Next, the method of correcting the luminance 
level of the pixels within the specific regions 
according to the present invention will be described. 
5 The luminance correction data for correcting the 

luminance of the digital image signal SI inputted to 
the image processing circuit 106 is stored in advance 
in the data memory 101. In this embodiment, this 
luminance correction data is the luminance weighting 

10 factor a (< 1) to be multiplied with the luminance of 
the digital image signal SI, and the image processing 
circuit 106 multiplies the luminance of the inputted 
digital image signal SI with the luminance weighting 
factor a inputted from the CPU 103 to adjust the 

15 luminance. 

FIGs. 3A and 3B are schematic diagrams for 
explaining the luminance weighting factor a which is 
the luminance correction data stored in advance in the 
data memory 101. For the simplification of the 
20 description, the description will be made with taking 
the specific region R201 in FIG. 2 as an example, in 
which the time clock 201 serving as the static image is 
present . 

As shown in FIG. 3B, this specific region 
25 R201 is represented by the area in which there are the 
pixels P 1 to P m arranged along the horizontal direction 
and the horizontal synchronization signals to H n are 
arranged along the vertical direction. In such a 



- 12 - 

situation, when the luminance of the specific region 
R2 0i with the static image (time clock 201) is lowered 
in order to prevent the image retention, the luminance 
level of the specific region R201 is lowered more 
largely toward the corner of the outer edge of the 
display screen. FIG . 3A shows the luminance weighting 
factor along the direction of the arrow Rll in FIG. 3B . 
In FIG. 3A, the luminance weighting factor a of the 
pixel P. close to the center of the display screen is 
0.9, and the luminance weighting factor a of the pixel 
Pl close to the corner is 0.6. The luminance 
therebetween is linearly changed. 

As described above, since the luminance 
weighting factor a to be the luminance correction data 
capable of lowering the luminance level more largely 
toward the outer edge is stored in the data memory 101, 
the luminance level of the pixels in the specific 
region R201 around the corner can be lowered more 
largely toward the cuter edges. Therefore, the watcher 
, does not have any uncomfortable feeling. In addition, 
even if the pixels around the border between the moving 
image and the static image are not determined to be the 
pixels of the static image due to the influence from 
the noise or the like, since the luminance level of all 
5 pixels in the specific region R201 is lowered, it is 
possible to prevent the image retention. In addition, 
it is also possible to prevent the problem that the 
luminance balance of the figures each representing the 
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hour, the tens of minutes, and the minutes becomes 
nonuniform in the time clock 201. 

Furthermore, the unnatural change when 
lowering the luminance level can be reduced by 
5 gradually lowering the luminance level in a certain 

amount of time. For example, when the luminance change 
along the direction opposite to the arrow Rll in FIG. 
3B is mentioned, the luminance of the entire specific 
region is first lowered to 90% and then the luminance 

10 of the pixels P m _ x to P x is lowered by one step, and 
thereafter, the luminance is sequentially lowered in 
the same manner at each 0.5 minute along the stair-like 
steps in FIG. 3A. Alternatively, it is also possible 
to gradually lower the luminance of the entire specific 

15 region in accordance with the luminance weighting 
factor of each part in the region. 

In the foregoing, the case where the 
luminance level of only the region in which the pixels 
of the static image are present is lowered has been 

20 described. However, the region is not limited to this, 
and it is also possible to lower the luminance level of 
all of the specific regions around four corners so as 
to prevent the unnatural change of the image. 

In addition, as a method for reducing the 

25 unnatural change in the image caused by lowering the 
luminance, the luminance level in the entire screen, 
not only in the specific regions, can be lowered toward 
the outer edge of the screen. FIG. 4 is a schematic 



diagram showing an embodiment of the luminance 
weighting factor a which is the luminance correction 
data stored in the data memory 101 adapted to this 
case. In this embodiment, the luminance weighting 
5 factor is set so that the luminance is gradually 

changed from the center portion of the display screen 
toward the outer edge along the vertical direction. 

Judging from the descriptions below, it can 
be said that the above-mentioned method is applicable. 

10 That is, the image with uniform luminance can be 
displayed on the entire screen of the PDP display 
device. On the other hand, the luminance around the 
corners is reduced to 40 to 60% in comparison with that 
of the center portion in the current flat CRT display. 

15 This characteristic is unique to the flat CRT 

structure. However, the watcher does not have any 
uncomfortable feeling. Therefore, even if the 
luminance of the entire screen is adjusted so as to be 
lower toward the outer edge like in the flat CRT 

20 display, the watcher does not have any uncomfortable 
feeling, and also, the image retention of the static 
images around the corners can be reduced. 

In the foregoing, the case where the 
luminance weighting factor a is multiplied with the 

25 digital image signal SI in the signal processing 

circuit 106 to lower the luminance has been described. 
However, the present invention is not limited to this, 
and the other method is also available, in which the 
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difference amount of luminance reduction AF to be the 
luminance correction data is stored in advance in the 
data memory 101, and the difference amount of luminance ' 
reduction AF is subtracted from the luminance of the 
5 digital image signal SI. It is possible to set the 
difference amount AF to a certain value. However, it 
is more preferable to set the difference amount of 
luminance reduction AF so that the luminance is 
gradually changed toward the outer edge of the display 
10 screen. 

Furthermore, in the foregoing, the case where 
the telops to be the static images unevenly distributed 
in the specific regions have a high luminance has been 
described. However, the image retention is usually 
15 caused due to the difference in speed of the 

degradation of the phosphors when the difference in 
luminance between the pixels of the static image and 
the pixels around it is large. Therefore, the image 
retention is also caused when the luminance of the 
20 static image is lower than that around it. 

in the case where the luminance of the static 
images unevenly distributed in the specific regions is 
lower than that around it as described above, the 
digital image signal data to be compared in the static 
image detection circuit 105 in FIG. 1 is limited to 
_nly the part of either of the digital image signal 
data SI and S2 (e.g., the digital image signal data 32) 
having the luminance level lower than the predetermined 
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level. In this manner, it is possible to detect the 
static pixels with low luminance level to be the cause 
of the image retention. Of course, the method is also 
available, in which the comparison of all pixels within 
5 the specific regions is performed to detect the static 
images, the luminance level of the static images is 
detected, and then, whether or not the luminance level 
is lower than a predetermined value is detected. 

When the luminance of the static image is 

10 lower than the predetermined level, the luminance of 
the specific region is slightly increased so as to 
prevent the image retention. In this case, it is 
possible to evenly increase the luminance. However, it 
is also possible to set the luminance weighting factor 

15 a stored in the data memory 101 in FIG. 1 so as to have 
the characteristics as shown in FIG. 5, which is 
opposite to that shown in FIG. 3, with an aim to reduce 
the unnatural change in the part between the static 
image and the image around it. More specifically, it 

20 is also possible to increase the luminance level more 
largely toward the corners on the outer edge from the 
center of the display screen. 

FIGs. 5A and 5B are schematic diagrams for 
explaining the luminance weighting factor a which is 

25 the luminance correction data stored in advance in the 
data memory 101, and they illustrate an embodiment 
adapted to the case opposite to that shown in FIGs. 3A 
and 3B, that is, the case where the luminance of the 
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static image is lower than that around it. The 
luminance weighting factor a shown in FIGs . 5A and 5B 
is identical to that shown in FIGs. 3A and 3B except 
that the luminance weighting factor a shown in FIGs. 5A 
5 and 5B has the characteristics opposite to that shown 
in FIGs. 3A and 3B. Therefore, the detailed 
description thereof will be omitted. 

In the manner described above, when the 
luminance of the specific region is lower than that 
10 around it, the luminance is adjusted in the image 
processing circuit 106 by the use of the luminance 
weighting factor a shown in FIGs. 5A and 5B having the 
characteristic opposite to that shown in FIGs. 3A and 
3B. 

15 In the case where, of the specific regions 

around the four corners, the luminance level of the 
time clock 201 in the specific region R201 is high in 
comparison with that around it and the luminance level 
of the logo in the specific region R202 is low in 

20 comparison with that around it, it is needless to say- 
that both the luminance weighting factor in FIGs. 3A 
and 3B and that in FIGs. 5A and 5B described above can 
be used together to perform the luminance adjustment so 
that the luminance level of the time clock 201 in the 

25 specific region R201 is lowered and the luminance level 
of the logo in the specific region R202 is increased. 
Therefore, the detailed description thereof will be 
omitted. 
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Note that the present invention described 
above can be applied to the image display device for 
displaying images by the use of the light emission of 
the phosphor, more particularly, the present invention 
5 is ideal for the PDP display device and the FED in 
which the degradation of the phosphor is more rapid 
than that in the CRT. However, the application of the 
present invention is not limited to this, and it is 
also possible to apply the present invention to the 

10 CRT. By so doing, it is possible to provide the image 
display device in which the quality of the image will 
not be degraded. 

According to the present invention, the 
display device having improved reliability can be 

15 provided. 



